Introduction
Spinach chloroplasts carry out several energydependent processes such as conformational changes andl ion translocation, in a(llition to the synthesis of ATP. The evidence for energy-dependent conformational changes has come from light-scattering studies by Packer (11, 12) , Jagendorf and Hind (5) , and Dilley an(d Vernon (1) . Itoh et al. (3) and Izawa et al. (4) have observed changes in chloroplast volume by Coulter counter studies, "chlorocrit" (leterminations, and in ultrastructure in vivo (6) and in vitro (3) by electron microscopy of illuminated spinach chloroplasts. Mukohata and Packer (8) and Ohnishi (10) have also reporte(l light-dependent viscosity changes in suspensions of spinach chloroplasts. Packer and Marchant (13) and Ohnishi (10) have extracted contractile proteins from spinach chloroplasts. Conditions similar to those required for structural changes (13) also support a light-dependent uptake of calcium and phosphate in isolated spinach chloroplasts (9) . Hence Results Packed Volume Studies. Figure 1 shows that after preillumination and centrifugation in the light, the packed volume of chloroplasts is 36 % less than that for an identical suspension tested without illumination. The supernatant fractions of the light-treated samples contained about twice as much chlorophyll and protein as those from the dark, but the chlorophyll-protein ratio was the same in both. Furthermore, the shape of the absorption spectrum in the visible region was the same for both supernatant fractions and for a noncentrifuged chloroplast suspension. Spectral studies, chemical analysis, and microscopic examination revealed that some chloroplast fragments are present in the supernatant solutions and that these apparently sediment more slowly than the intact chloroplasts. A study of the packed volume changes as a function of centrifugation time (see control of fig 3) reveals that in the light the pellet volume is low after 3 minutes but becomes larger with increasing centrifugation time. In the dark the ability of the chloroplasts to sediment is quite different since after 3 minutes, it is generally impossible to measure any pellet volume. After 30 minutes of centrifugation, the particles of the supernatant fractions are completely sedimented and the light packed volume is still smaller than in the dark. When the chlorophyll concentrations are varied between 0.05 to 0.4 mg/ml, the packed volume after equilibrium was proportional to the chlorophyll concentration in the original suspension for centrifugation in the light and in the dark. Using this basic test system for "chlorocrit" determinations, a number of other factors affecting the packed volume were examined.
A study of the relative light intensity of packed volume changes showed that the threshold for the response lies between 250 and 500 ft-c. Also, lightmediated packed volume changes are temperature dependent since lowering the temperature abolishes the effect (fig 2A) . Hence 1. by lowering the pH to 6.5. Also, the volume of the pellet becomes larger as the pH is lowered.
It has been found that photophosphorylation conditions as well as ATP (12) As the effect of ATP was to reduce the packed volume both in the light and in the dark, it was predicted that in the presence of photophosphorylation reagents, the same response would occur. In fact, the addition of 2 mM ADP and 2 mm Pi elicits aln alteration of the light sedimentation curves and decreases the pellet volume by 24 % after 4 minutes of centrifugation and 10 % after equilibrium was reached. In the dark no significant change was observed. The presence of 2 mm NH4Cl in the same reaction mixture prevented the effect of ADP and Pi.
As nJted in figures 1 an-l 3, the pattern of chloroplast sedilmlentation curves are remarkably different between light and dark; illuminated chloroplasts sediment much more slowly. Therefore, it was of interest to study this light effect by varying the period of the illumination between 0 and 30 minutes before starting the centrifugation. Readings were taken after centrifugation for 3 and 6 minutes. At these times, the chloroplasts are, of course, incompletely packed (see fig 1, 3) . Figure 4 shows a very definite preillumination effect. At the shorter centrifugation time (3 min), there appears to be a direct relationship between preillumination time and packed volumes. With longer centrifugation time (6 min) the packed volumes increase and the effect of preillumination exposure begins to disappear; this is because the chloroplasts at 6 minutes are more completely sedimented.
Light Scattering Studies. These measurements have proved to be valuable in detecting conformational changes in chloroplasts (11) . Figure 5 shows that actinic light induces a 16 to 18 % increase in the 900 light-scattering intensity of the chloroplast suspension incubated in the presence of certain cofactors. The effect is reversible and is considerably reduced in extent by 0.2 mM NH4Cl and is virtually absent when the NH4Cl concentration is increased to 2.2 mm. An examination of the requirements for these lightscattering changes and the action of several inhibitors is shown in table I. These data show that MgCl.,, PMS4, and ascorbate are required for maximal scattering response, whereas Pi, ADP, and ATP apparently are not. Among the inhibitor substances tested, DCMU and antimycin A were found to be without effect at the concentrations employed. Scat- tering responses in the presence of 10,sM m-CCP and 2 mM NH4Cl were 35 and 86 % less than that of the complete system respectively.
Unlike the case with spinach chloroplasts (11), ferricyanide alone did not support light-scattering changes. Adding ferricyanide to the PMS-ascorbate system (in excess of the ascorbate present) inhibited Table I Literature Cited
